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JURXQGFRQWUROZKLOHH[WUDFWLQJRUHDWKLJKUDWHV7KHVWDEOHILOOPHDQVZKLOHVWRSLQJHFRQRPLFDORUH
DSDUWIURPDFKLHYLQJRYHUDOOJURXQGVWDELOLW\LWVKRXOGKHOSWRPDLQWDLQWKHVWRSHZDOOVDVWKHEODVWHG
RUHLVZLWKGUDZQWRFRQILQHIUDFWXUHGSLOODUVIRUH[WUDFWLRQDWDODWHUGDWHDQGWRPLQLPL]HGLOXWLRQRI
EODVWHG RUH DQG LQFUHDVH RUH UHFRYHU\ %HFDXVH RI DOO WKRVH LPSRUWDQW IXQFWLRQV WR EH FDUULHG RXW
VXFFHVVIXOO\ D TXDOLW\ ILOO SURGXFW LV QHFHVVDU\ 6LQFH EDFNILOO ZDOO IDLOXUH LQWR DGMDFHQW VHFRQGDU\
VWRSHVKDVDGLUHFWDQGODUJHLQIOXHQFHRQWKHFRVWRIPLQLQJWKHVWRSHDQGILQDOO\RQWKHSURILWDELOLW\
RIDPLQLQJRSHUDWLRQDOVRMHRSDUGLVLQJWKHVDIHW\RIWKHPLQLQJRSHUDWLRQ$JDLQEDFNILOOIDLOXUHDGGV
WRWKHRSHUDWLQJFRVWRIILOOWUDQVSRUWDWLRQWRUHSODFHWKHIDLOHGYROXPHDVZHOODVWKHFRVWRIPXFNLQJ
KDXODJH PLOOLQJ DQG RUH SURFHVVLQJ ,W FRXOG GLOXWH HFRQRPLFDO RUH DQG WKXV DIIHFW LWV HFRQRPLFDO
TXDOLW\DVZHOO ,QVRPHFDVHVPDMRUILOOIDLOXUHFRXOG OHDGWRXQVWDEOHDQGXQVDIHPLQLQJFRQGLWLRQV
ZLWKLQWKHVWRSLQJHQYLURQPHQWDQGVRPHWLPHVORVVRIHFRQRPLFDORUHZLWKLQWKHVWRSH$QHVVHQWLDO
HQJLQHHULQJFRQVLGHUDWLRQIRUWKHILOOPDWHULDOLVLWVFDSDFLW\WREHFRPHVHOIVXSSRUWLQJZKHQH[SRVHG
DVDILOOZDOOWRWKHYRLGFUHDWHGE\WKHH[WUDFWLRQRIDGMDFHQWVWRSHV,W¶VEH\RQGGRXEWDQGSURYHQIDFW
WKDWRYHUWKH\HDUVEDFNILOOKDVSURYLGHGDJRRGVXSSRUWPHDVXUHDQGLPSURYHGPLQLQJHQYLURQPHQW
ZLWKEHWWHUSURGXFWLRQDQGVDIHW\
0DQ\VWXGLHVLQUHFHQWSDVWKDYHUHSRUWHGWKHHIIHFWVRIRUHGLOXWLRQLQFOXGLQJEDFNILOOGLOXWLRQLQ
EODVWKROHVWRSLQJRSHUDWLRQV'XQQHDQG3DNDOQLV<DRHWDO:DQJHWDO+HQQLQJDQG
0LWUL=QLEHUHWDO+XJKHVHWDO%DJGHHWDO%DJGHDQG0LWUL
3DUDPHWHUV OLNH URFN PDVV SURSHUWLHV LQVLWX VWUHVV UHJLPH PLQLQJ VHTXHQFH VWRSH GHVLJQ DQG
FRQVWUXFWLRQDUHNQRZQWREHWKHFRQWULEXWRU\IDFWRUVWRRUHGLOXWLRQLQRSHQVWRSHPLQLQJV\VWHPVZLWK
GHOD\HGEDFNILOO5HFHQWO\%DJGHHWDO KDYHSURYLGHGDEULHIUHYLHZZLWKQXPHULFDODQDO\VLV
VWXG\UHVXOWVXVLQJ3+$6(UHODWHGWREDFNILOOIDLOXUHRURUHGLOXWLRQGXHWRWKHDGMDFHQWVWRSHPLQLQJ
LQWKHFDVHRIQDUURZYHLQRUH]RQHLQFOXGLQJRWKHUPLQLQJSDUDPHWHUV%DJGHDQG0LWULKDYH
VWXGLHGFRQILQHPHQWRIIHUHGE\EDFNILOOXVLQJQXPHULFDOFRGH)/$&ZKHUHWKH\FRPSDUHGWKHUHVXOWV
REWDLQHGZLWKILOOHGDQGZLWKRXWWRSFURZQJDSRIPOHIWRXWVXJJHVWLQJVLJQLILFDQFHRISURSHUWLJKW
ILOOLQJWRSUHYHQWIDLOXUHHYHQLQKLJKLQVLWXVWUHVVFRQGLWLRQV
7KLVSUHVHQWSDSHUSUHVHQWVWKHUHVXOWVRIDQXPHULFDOPRGHOOLQJVWXG\XVLQJ3+$6(ZKHUHE\
EDFNILOOZDOO VWDELOLW\ LV VWXGLHGGXH WR WKHPLQLQJRI DGMDFHQW VHFRQGDU\ VWRSH7KH UHSUHVHQWDWLYH
FDVHSDUDPHWHUVFRQVLGHUHGDUHIURPWKH6XGEXU\UHJLRQLQ&DQDGLDQ6KLHOGWKDWLVZHOONQRZQIRULWV
KLJK LQ VLWX VWUHVV FRQGLWLRQV7KLV UHVHDUFK LV EHLQJ FDUULHGRXW WR LQYHVWLJDWH WKH HIIHFW RI DGMDFHQW
VWRSLQJLQSULPDU\VHFRQGDU\V\VWHPVRQEDFNILOOHGZDOOVWDELOLW\FRQVLGHULQJHODVWRSODVWLFEHKDYLRXU
IRU ERWK EDFNILOO DQG URFN PDVV 7KH UHVXOWV DUH FRPSDUHG WR GHPRQVWUDWH KRZ EDFNILOO KHOSV E\
RIIHULQJJRRGFRQILQHPHQWWRWKHKRVWURFNPDVV7KHSUHVHQWHGILQGLQJVPLJKWEHTXDOLWDWLYHLQQDWXUH
H[SHFWHGWREHXVHIXOIRUVWDEOHEDFNILOOZDOOGHVLJQDQGWKXVLPSURYLQJPLQLQJVWRSLQJHQYLURQPHQW
ZLWKEHWWHUVDIHW\DQGHFRQRP\
1XPHULFDOPRGHOOLQJVWXGLHV
0RGHOLQJVWXGLHVDUHFRQGXFWHGZLWK3+$6(D WZRGLPHQVLRQDOHODVWRSODVWLFQXPHULFDOFRGH
EDVHG RQ WKH ILQLWH HOHPHQW PHWKRG  1XPHURXV PRGHOV ZHUH GHYHORSHG WR VWXG\ WKH UHVSRQVH RI
EDFNILOOLQDGMDFHQWVWRSHPLQLQJDQGUHSUHVHQWDWLYHUHVXOWVDUHSURYLGHGKHUHDQGGLVFXVVHG
2.1. Modelling geometry and material properties 
)LJXUH  VKRZV WKH PRGHO JHRPHWU\ DQG 7DEOH  VKRZV WKH PDWHULDO SURSHUWLHV XVHG IRU WKH
QXPHULFDOVLPXODWLRQVWXGLHVSUHVHQWHGKHUH7KHVWRSHGLPHQVLRQVXVHGIRUWKHVWXG\DUHPKHLJKW
[  P ZLGWK ZLWK D PLQLQJ GHSWK RI  P 7KH UHODWLYHO\ ODUJH PRGHO ZDV SUHSDUHG WR DYRLG
ERXQGDU\ HIIHFWV DQG ZDV H[DPLQHG IRU LWV DFFXUDF\ E\ VWXG\LQJ WKH SDWWHUQ DQG H[WHQW RI LQGXFHG
VWUHVVHV ZLWKLQ WKHPRGHO DIWHU H[WUDFWLQJ WKH VWRSH ,Q WKH H[DPSOH VKRZQ KHUH WKH QDWXUDO LQVLWX
KRUL]RQWDOVWUHVVıKLVWLPHVWKHYHUWLFDOVWUHVVıYWKLVFRUUHVSRQGVWRDUHSUHVHQWDWLYHQDWXUDOVWUHVV
UDWLRıKıYIRUWKH&DQDGLDQ6KLHOG&RQVWDQWLQVLWXVWUHVVFRQGLWLRQVZHUHVLPXODWHGFRQVLGHULQJSODQ
PRGHODQGLQVLWXVWUHVVHVZHUHGHWHUPLQHGXVLQJWKHHTXDWLRQVLQ7DEOHZKLFKDUHDSSOLFDEOHWRWKH
6XGEXU\ EDVLQ DV UHSRUWHG E\ <DR DQG 0RUHDX9HUODQ  0RGHOHG URFN PDVV SURSHUWLHV DUH
W\SLFDO RI WKH 6XGEXU\ UHJLRQ PLQHV LQ &DQDGD ZKLOH EDFNILOO SURSHUWLHV XVHG DUH DV UHSRUWHG E\
7KRPDVHWDO7KHEDFNILOOSURSHUWLHVFRQVLGHUHGUHSUHVHQWFHPHQWHGURFNILOO&5)7KHURFN
PDVVDQGEDFNILOOPDWHULDO DUH FRQVLGHUHGKRPRJHQHRXV LVRWURSLFDQGHODVWRSODVWLF0RKU&RXORPE
IDLOXUHFULWHULRQZDVXVHG
$IWHU VWXG\LQJ WKH PRGHO IRU LWV DFFXUDF\ ILUVW VWRSH  ZDV H[WUDFWHG $IWHU WKLV VWRSH  ZDV
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EDFNILOOHG OHDYLQJ  P XQILOOHG JDS RQ WKH FURZQ RI WKH VWRSH  VLPXODWLQJ WKH DFWXDO PLQLQJ
FRQGLWLRQV6LPLODUO\VWRSHDQGVWRSHDUHH[WUDFWHGDQGEDFNILOOHGVXEVHTXHQWO\&RQVLGHUDWLRQRI
VWRSHZKLFK LVDOUHDG\H[WUDFWHGDQGWKHQEDFNILOOHGDVDSULPDU\VWRSHDQGDGMDFHQWVWRSHDVD
VHFRQGDU\VWRSHIXUWKHUDQDO\VLVLVFDUULHGRXW7KHQDGMDFHQWVWRSHVHFRQGDU\VWRSHLVH[WUDFWHGWR
VWXG\ WKH HIIHFW RI DGMDFHQW VWRSHPLQLQJ RQ EDFNILOOHGZDOO FROXPQ VWRSH  7KH UHVXOWV REWDLQHG
IURPWKLVVLPXODWLRQDUHSUHVHQWHGDQGGLVFXVVHGLQWKHIROORZLQJVHFWLRQ
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)LJ6WRSHJHRPHWU\HQODUJHGH[FDYDWLRQYLHZXVHGIRUWKHQXPHULFDOVLPXODWLRQZLWK3+$6(


7DEOH3URSHUWLHVRIURFNPDVVDQGEDFNILOOPDWHULDO
3URSHUW\ 5RFN0DVV %DFNILOO
8QLW:HLJKW01P  
<RXQJ¶V0RGXOXV*3D  
3RLVRQ¶V5DWLR  
7HQVLOH6WUHQJWK03D  

7DEOH0RGHOOHGLQVLWXVWUHVVHV
3ULQFLSDOVWUHVVFRPSRQHQW 0DJQLWXGHSVL 7UHQG 3OXQJH
0DMRU+RUL]RQWDOı+ 'HSWKIW  
,QWHUPHGLDWH+RUL]RQWDOı+ 'HSWKIW  
0LQRU9HUWLFDOı9 'HSWKIW  
2.2. Numerical results 
$IWHU HDFK VWRSH H[WUDFWLRQ VRPH GLVSODFHPHQWV RFFXU ZLWKLQ WKH URFNPDVV DQG WKHQ WKH VWRSH
FRQVLGHUHGDVSULPDU\VWRSH LVEDFNILOOHGVXEVHTXHQWO\ OHDYLQJPXQILOOHGJDSRQFURZQRI WKH
EDFNILOOHG VWRSHV 7KHQ VWRSH  VHFRQGDU\ VWRSHZDV H[WUDFWHG DQG LWV HIIHFW GXH WR WKHPLQLQJ RI
30
m
0.5
10 10 10 10
Stope1 Stope2 Stope3 Stope4
TopGap
176   Manoj N. Bagde and Hani S. Mitri /  Procedia Earth and Planetary Science  11 ( 2015 )  173 – 179 
DGMDFHQWVWRSHRQEDFNILOOHGZDOOFROXPQLVVWXGLHG7KHYHUWLFDOVWUHVVDQGDEVROXWHWRWDOGLVSODFHPHQW
GLVWULEXWLRQZLWKLQWKHEDFNILOOFROXPQDQGVXUURXQGLQJURFNPDVVLVVWXGLHGDQGFRPSDUHG,QSUDFWLFH
LW LV DOZD\V GLIILFXOW WR EDFNILOO WKH VWRSH LPPHGLDWHO\ WKXV GHIRUPDWLRQV GR RFFXU LQ WKH URFNPDVV
EHIRUH SODFLQJ WKH EDFNILOO +RZHYHU LQ SUDFWLFH EDFNILOO VKRXOG EH SODFHG DW WKH HDUOLHVW WLPH WR
SUHYHQW DQ\ PDMRU URFN IDOOV DQG SRVVLEOH VWRSH RU ILOO IDLOXUH )LJ  LOOXVWUDWHV WKH GLVWULEXWLRQ RI
YHUWLFDOVWUHVVHVDIWHUVWRSHVHFRQGDU\ZDVH[WUDFWHGDGMDFHQWWRWKHEDFNILOOHGFROXPQZDOORIVWRSH
SULPDU\$IWHUVWXG\LQJYHUWLFDOVWUHVVGLVWULEXWLRQZLWKLQEDFNILOOHGFROXPQLWLVREVHUYHGWKDWWKH
PLQLPXPVWUHVVRI03DLVGHYHORSHGDWWKHWRSSRUWLRQZKLOHDURXQG03DLVGHYHORSHGDWWKH
ERWWRP RI WKH EDFNILOOHG FROXPQ )URP WKLV LW LV FRQFOXGHG WKDW WKH GHVLJQ VWUHQJWK RI WKH EDFNILOO
VKRXOGEHVXFKWKDWLWVKRXOGEHDEOHWRVXVWDLQWKHORDGGHYHORSHGDWWKHERWWRPEHFDXVHRIWKHWRWDO
EDFNILOOHGFROXPQ$OVRWKHGHVLJQFULWHULDJHQHUDOO\XVHGIRUEDFNILOOVWUHQJWKGHWHUPLQDWLRQLVEDVHG
RQVLPSOHZHGJHWKHRU\ZKHUHRQO\VHOIZHLJKWRUJUDYLWDWLRQDOZHLJKWLVWKHRQO\FRQVLGHUDWLRQ7KLV
EDVLF DVVXPSWLRQ PLJKW GLOXWH RU XQGHU HVWLPDWH WKH UHDOO\ UHTXLUHG VWUHQJWK RI WKH EDFNILOO LQ UHDO
PLQLQJ FRQGLWLRQV   )LJ  LQGLFDWHV WKDW KLJK VWUHVV FRQFHQWUDWLRQ LV GHYHORSHG DW WKH FURZQ DQG
ERWWRPSRUWLRQDEXWPHQWVWUHVVLVEHLQJWUDQVIHUUHGWRWKHVXUURXQGLQJURFNPDVVZKLFKVXJJHVWVWKDW
EDFNILOO KHOSV LQ SURYLGLQJ JRRG FRQILQHPHQW DQG WKXV SUHYHQWLQJ URRI UHJLRQ IURP IDLOXUH SURQH
FRQGLWLRQV
$IWHU FRPSDULQJ DEVROXWH WRWDO GLVSODFHPHQW GHYHORSHG ZLWKLQ WKH EDFNILOOHG FROXPQ DQG WKDW
VXUURXQGLQJ URFNPDVV DIWHU H[WUDFWLQJDGMDFHQW VWRSH DV VKRZQ LQ)LJXUH VXJJHVWV WKDW EDFNILOO
SODFHPHQW KHOSV LQ SURYLGLQJ JRRG FRQILQHPHQW WR WKH VXUURXQGLQJ URFNPDVV DVZHOO DVZLWKLQ WKH
DGMDFHQWEDFNILOOHGFROXPQ$VGLVFXVVHG LQ WKHDERYH IURP)LJXUH LW VXJJHVWV WKDW ILOOSODFHPHQW
KHOSVLQWUDQVIHUULQJPD[LPXPWRWDOGLVSODFHPHQWGHYHORSHGWRWKHVXUURXQGLQJURFNPDVVWKXVRIIHULQJ
JRRGFRQILQHPHQW$IWHUFRPSDULQJWKHDEVROXWHWRWDOGLVSODFHPHQWGHYHORSHGZLWKLQWKHYHU\DGMDFHQW
EDFNILOOHGZDOOFROXPQLHVWRSHWREHH[WUDFWHGVWRSHVXJJHVWVWKDWDWWKHERWWRPRIWKHEDFNILOO
FROXPQPD[LPXPWRWDOGLVSODFHPHQWGHYHORSHGLVDWFPZKLOHDWWKHWRSOHYHOLWLVDWFPDQGEDUH
PLQLPXPDWWKHPLGGOHSRUWLRQRIWKHILOOHGFROXPQ$JDLQVXJJHVWLQJWKDWVWUHQJWKRIILOOVKRXOGEH
JRRGHQRXJKDWWKHERWWRPRIWKHFROXPQDQGSURSHUILOOVKRXOGEHHQVXUHGDWWKHWRSSRUWLRQWRILOOWKH
JDS,WLVFHUWDLQWKDWSURSHUWLJKWILOOLQJHQVXUHGDWWKHWRSZLOOKHOSLQSURYLGLQJJRRGFRQILQHPHQWDW
WKHURRIFURZQZKLFKZLOOFHUWDLQO\EHKHOSIXOLQPLWLJDWLQJIDLOXUHSURQHFRQGLWLRQVUHIHU%DJGHDQG
0LWUL  7KH SUHVHQWHG UHVXOWV LQ )LJXUH  VXJJHVW WKDWPD[LPXP WRWDO GLVSODFHPHQW GHYHORSHG
ZLWKLQ WKH EDFNILOOHG FROXPQ L H VWRSH  LQ WKLV FDVH LV DW  FP DQG WKLV FRXOG EH GXH WR WKH
FRQILQHPHQWRIIHUHGE\ WKHEDFNILOOHG FROXPQZKHQDGMDFHQW VWRSH DQG H[WUDFWHG DQGEDFNILOOHG
VXEVHTXHQWO\ EHIRUH H[WUDFWLQJ DGMDFHQW VWRSH  $OVR ZKHQ DGMDFHQW VWRSH  LV H[WUDFWHG LQ
VXUURXQGLQJURFNZDOOWRWDOGLVSODFHPHQWGHYHORSHGLVDWFPVXJJHVWLQJSRVVLEO\PLQRUIDLOXUH)URP
WKHSUHVHQWHG UHVXOWV DGMDFHQWEDFNILOOHGZDOO FROXPQ WR H[WUDFW VWRSH VHHPV WR EH VWDEOH+RZHYHU
PRVWO\ILOOIDLOXUHLVUHSRUWHGZKLOHEODVWLQJDGMDFHQWVWRSHWRWKHEDFNILOOHGFROXPQFDXVLQJRUHGLOXWLRQ
DQGFRVWRISODFLQJEDFNWKHILOOLQFUHDVHVDVZHOO$OVRLWDGGVWRWKHFRVWRIKDXOLQJWUDQVSRUWDWLRQDQG
PLOOLQJDQGRUHSURFHVVLQJZKLFKLVYHU\PXFKXQZDQWHG
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
)LJ9HUWLFDOVWUHVVGLVWULEXWLRQDIWHUH[WUDFWLQJVWRSHDGMDFHQWWREDFNILOOHGFROXPQ

 
)LJ7RWDOGLVSODFHPHQWDIWHUH[WUDFWLQJVWRSHDGMDFHQWWREDFNILOOHGFROXPQ

7KH UHVXOW SUHVHQWHG LQ WKH DERYH VLJQLILHV WKH LPSRUWDQFH RI EODVWLQJ ZKLOH H[WUDFWLQJ DGMDFHQW
VWRSHWRWKHEDFNILOOHGFROXPQ+HQFHWKHGHVLJQHGILOOVWUHQJWKVKRXOGEHVXFKWKDWLWVKRXOGEHDEOHWR
VXVWDLQG\QDPLF ORDGEHLQJJHQHUDWHGGXH WR WKHEODVWLQJGXULQJDGMDFHQW VWRSHH[WUDFWLRQ)URP WKH
SUHVHQWHGUHVXOWVKHUHLQDVDERYHPD\EHTXDOLWDWLYH LQQDWXUHKRZHYHU IRUFH WRGUDZIHZIROORZLQJ
FRQFHUQVDQGFRQFOXVLRQV
D 7KHILOOVWUHQJWKGHVLJQHGEDVHGRQWKHPRQRWRQRXVHPSLULFDODSSURDFKHVOLNHVLPSOHZHGJH
WKHRU\ QHHGV WR EH JLYHQ D UHORRN WR WDNH LQWR FRQVLGHUDWLRQ G\QDPLF VWUHQJWK RI WKH ILOO
6LQFH GXULQJ VWRSLQJ RSHUDWLRQ EODVWLQJ DQG G\QDPLF ORDGLQJ GXH WR WKHPLQLQJ IRXQG WR
LQIOXHQFH WKH ILOO IDLOXUH ,W LVQHFHVVDU\DQGSDUDPRXQW WKDWVWDEOH ILOO WREHGHVLJQHGDW WKH
LQLWLDO VWDJH RI PLQLQJ ZLWK GXH FRQVLGHUDWLRQ WR G\QDPLF VWUHQJWK 7KH DSSOLFDWLRQ RI
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QXPHULFDO DSSURDFKHV LQ WDQGHPZLWK RWKHU DYDLODEOH HPSLULFDO DQGPDWKHPDWLFDO VROXWLRQV
QHHGVWREHHQFRXUDJHGWRGHULYHVWDEOHILOOVWUHQJWK
E 7KHLPSRUWDQFHRISURSHUWLJKWILOOLQJLVKLJKOLJKWHGWKXVSURSHUWLJKWILOOLQJDWWKHURRIFURZQ
VKDOOEHHQVXUHG,WLVIHOWWKDWILOOLQJVKRXOGEHGRQHLQVWDJHVDQGVKDOOEHDOORZHGWRFXUHLW
EHIRUHSODFLQJDQRWKHUOD\HU$OVRSURSHUFXULQJWLPHSHULRGVKDOOEHREVHUYHGIRUVWDEOHILOO
ZDOOWREHDFKLHYHGEHIRUHH[WUDFWLQJDGMDFHQWVHFRQGDU\VWRSHWRWKHEDFNILOOHGZDOOFROXPQ
F 7KHSRVVLELOLW\RIVWUHQJWKILOOUHGXFWLRQDWWKHWRSRIWKHEDFNILOOFROXPQZDOODVFRPSDUHGWR
WKH ERWWRP PD\ EH WKRXJKW RI VLQFH PD[LPXP VWUHVV GHYHORSHG LV DW WKH ERWWRP RI WKH
EDFNILOOHGFROXPQDVFRPSDUHGWRWKHWRS7KLVZLOOKHOSLQUHGXFWLRQRIILOOFRVWLIFHPHQWDV
D ELQGHU LV LQYROYHG 7KLVZLOO DOVR KHOS LQ UHGXFLQJ WKH FRVW RI SURGXFWLRQ DQG LPSURYLQJ
SURGXFWLYLW\+RZHYHUWKLVQHHGVWREHFDUULHGRXWZLWKRXWFRPSULVLQJVDIHW\RIWKHZRUNLQJ
HQYLURQPHQWDQGILOOGLOXWLRQRUIDLOXUHLQWRDGMDFHQWVWRSH
G ,Q SULPDU\VHFRQGDU\ VWRSLQJ V\VWHPV GLIIHUHQW W\SHV RI EDFNILOO SODFHPHQW LQ WKH FDVH RI
SULPDU\VWRSHDQG VHFRQGDU\VWRSHFRXOGEH WKRXJKWRI ,Q WKHFDVHRISULPDU\VWRSHVJRRG
TXDOLW\ ILOO FDQ EH SODFHG VLQFH DGMDFHQW VHFRQGDU\ VWRSH LV WR EH H[WUDFWHG DW ODWHU GDWH
+RZHYHU LQ WKH FDVH RI VHFRQGDU\ VWRSHV ORZ VWUHQJWK ILOO ZKLFKZLOO WDNH FDUH RI RYHUDOO
JURXQGFRQWUROFRXOGEHSODFHGLQ7KLVZLOOKHOSLQHFRQRPLFDODQGVWDEOHGHVLJQRIEDFNILOO
ZLWKUHGXFHGFRVWRISURGXFWLRQDQGPLQLQJ
H 7KHJRRGKRPRJHQHRXVILOOZLOOKHOSLQREWDLQLQJVWDEOHEDFNILOOHGFROXPQZDOODQGWKXVSDVWH
ILOO IRXQG WR SURYLGH JRRG UHVXOWV LQ PDVV SURGXFWLRQ WHFKQRORJLHV EHFRPLQJ SRSXODU
ZRUOGZLGHDQGLVEHLQJPRVWO\XVHG
I 7KH ILOO XVHG DV ZDVWHPDQDJHPHQW WRRO LV MXVW D ZURQJP\WKZKLOH LW LV IRXQG WR KHOS LQ
SURYLGLQJ JRRG FRQILQHPHQW WR WKH VXUURXQGLQJ URFN PDVV DQG DFKLHYLQJ VDIHU PLQLQJ
HQYLURQPHQWZLWKSRVVLEOHFHQWSHUFHQWUHFRYHU\RIWKHHFRQRPLFDORUHIURPWKHFRQVHUYDWLRQ
SRLQWRIYLHZ
&RQFOXVLRQV
)URP WKH SUHVHQWHG QXPHULFDO VLPXODWLRQ UHVXOWV XVLQJ 3+$6(  LW LV IRXQG WKDW SODFHPHQW RI
EDFNILOO KHOSV LQ VXSSRUWLQJ WKH VXUURXQGLQJ URFN PDVV ZLWK KLJK LQ VLWX VWUHVV FRQGLWLRQV  ,W LV
FRQFOXGHG WKDW LQKLJK LQVLWXVWUHVVFRQGLWLRQV WLJKW ILOOLQJPXVWEHFRQVLGHUHG WRSUHYHQWKRVW URFN
IDLOXUH$OVRILOOLQJVKRXOGEHGRQHLPPHGLDWHO\DIWHUFRPSOHWLRQRIVWRSHH[WUDFWLRQWRDYRLGIXUWKHU
ZDOODQGURRIFRQYHUJHQFHDQGVWUHVVEXLOGXSVLQFHEDFNILOOLVIRXQGWRKHOSLQPLWLJDWLQJWKLV 7KH
SUHVHQWHGUHVXOWVWKRXJKTXDOLWDWLYHLQQDWXUHVKHGOLJKWRQWKHVWDELOLW\RIEDFNILOOLQORQJKROHPLQLQJ
HQYLURQPHQW
$FNQRZOHGJHPHQWV
7KH DXWKRUV ZLVK WR H[SUHVV WKHLU VLQFHUH WKDQNV WR WKH 'HSDUWPHQW RI 6FLHQFH DQG 7HFKQRORJ\
0LQLVWU\RI6FLHQFHDQG7HFKQRORJ\*RYHUQPHQWRI,QGLDIRUDZDUGLQJ%2<6&$67)HOORZVKLSIRU
WKH \HDU  7KLV SDSHU LV SDUW RI WKH UHVHDUFK SURJUDP FDUULHG RXW DW 0F*LOO 8QLYHUVLW\
0RQWUHDO &DQDGD LQ FROODERUDWLRQ ZLWK 0F*LOO 0LQH 'HVLJQ /DE WKHLU VXSSRUW LV JUDWHIXOO\
DFNQRZOHGJHG 7KDQNV DUH DOVR GXH WR WKH'LUHFWRU &HQWUDO ,QVWLWXWH RI0LQLQJ DQG )XHO 5HVHDUFK
&RXQFLO RI 6FLHQWLILF 	 ,QGXVWULDO 5HVHDUFK 'KDQEDG ,QGLD IRU JUDQWLQJ SHUPLVVLRQ WR FDUU\ RXW
UHVHDUFKXQGHUWKHVDLGIHOORZVKLSSURJUDP

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